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SUMMARY 

*,5= SPm 
The model tes ted  had four podded engines mounted beneath the aspect 

r a t i o  2.17 wing. Several arrangements of nacelle locations were tested.  
To determine effects  of off-design i n l e t  mass flow upon s t a t i c  s t a b i l i t y  
the nacelles were e i ther  p a r t i a l l y  blocked or plugged. The Mach numbers 
of the  investigation were from 0.65 t o  3.5 with Reynolds numbers of about 
4 ~ 6 ~  based on mean aerodynamic chord. Results were obtained at angles 
of attack and s ides l ip  from -60 t o  -1-8'. 

The resu l t s  indicate large increments i n  yawing moment f o r  a 
blocked outboard nacelle and large increments i n  ro l l ing  moment fo r  a 
blocked inboard nacelle a t  Mach nmibers above 2.0. A t  Mach nuniber 1.0 
s ignif icant  changes i n  longitudinal s t a t i c  margin occurred. Inter-  
ference ef fec ts  were found t o  be a function of nacelle placement, angles 
of attack and s idesl ip ,  Mach number, and i n l e t  mass-flow ra t io .  

b w  

INTRODUCTION 

One problem i n  the use of podded engines mounted on the  wing of 
supersonic a i r c ra f t  is the effect  of engine flame-out upon s t ab i l i t y .  
I n  addition t o  yawing moments due t o  asymmetric thrust ,  t h e  inlet and 
ex i t  flow f i e l d s  generated by the sudden reduction of mass flow through 
the flamed-out engine may be destabilizing and r e su l t  i n  serious aero- 
dynamic control and trim problems. The resu l t s  of references 1 and 2 
indicate t h a t  at  about M = 2.0, interference ef fec ts  resul t ing from 
reduced mass flow could produce adverse yawing and ro l l ing  moments. 
Further, it was found fo r  the conditions of engine flame-out tha t  the 
placement of nacelles beneath a wing could influence the control and t r i m  
problems. The present investigation w a s  conducted, therefore, t o  determine 

* 
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the  e f f e c t s  of reduced i n l e t  mass flow upon s t a t i c  s t a b i l i t y  of a 
supersonic a i r c r a f t  configuration with various nacelle Zocations. 

The configuration chosen f o r  study employed pylon-mounted podded 
engines since t h i s  type of engine i n s t a l l a t i o n  appears t o  present  the  
most severe aerodyaamic control  problem f o r  an engine-out condit ion.  
The nacel les  were located t o  minimize fuselage-wing juncture and wing 
shock-wave in terference with the  i n l e t s  f o r  Mach numbers above 1.3. 
Adjacent nacel le  i n l e t  flame-out in terferences  were a l so  considered. 

SYMBOLS 

The system of s t a b i l i t y  axes and t he  pos i t ive  d i rec t ion  of forces ,  
moments, and angles a r e  shown i n  f igure  1. 

b wing span 

E mean aerodynamic chord 

C~ drag coeff ic ient ,  a 

C 
base drag 

h F  
fuselage base drag coef f i c ien t ,  

%S 

C 
base drag 

D b ~  
inboard nacelle base drag coef f i c ien t ,  

LS 

base drag 
outboard nacelle base drag coef f i c ien t ,  

%S 

C"O 
drag coef f i c ien t  at zero l i f t  

incremental drag coef f i c ien t  a t  zero l i f t ,  
n n 
L - LD 

Doreduced mass flow Oopen nacelles 

l i f t  
C~ lift coef f ic ien t ,  - 

%S 

r o l l i n g  moment 
C 2 rolling-moment coef f i c ien t ,  

b b  



incremental rolling-moment coefficient determined at 
p = oO, c 

'reduced mass flow 
- c2 

open nacelles 

effective dihedral derivative 

pitching moment 
pitching-moment coefficient, c&sc 

pitching-moment coefficient at zero lift 

incremental pitching-moment coefficient at zero lift, 
C - C 
mo reduced mass flow moopen nacelles 

longitudinal static margin determined at zero lift 

incremental longitudinal static margin at zero lift, 
3% 3% 

~ C L  reduced mass flow 
a% open nacelles 

yawing moment 
yawing-moment coefficient, 

~ o o S b  

incremental yawing-moment coefficient determined at P = oO, 
'%educed mass flow - 'nopen nacelles 

directional stability derivative 

side force side-force coefficient, - 

Mach number 

inboard inlet mass flow 
inboard inlet mass-flow ratio, 

free-stream mass flow based 
on inboard inlet area 



outboard i n l e t  mass flow outboard i n l e t  mass-flow r a t i o ,  
free-stream mass flow based 

on outboard i n l e t  area  

r o l l i n g  veloci ty  

wing t i p  he l i x  angle 

free-stream dynamic pressure 

Reynolds number 

t o t a l  wing area  

free-stream veloci ty  

angle of a t t ack  

angle of s i de s l i p  

Configuration Notation 

Notation Model No. -- 
FlWlC l V l N l  1 

Component 

F1 fuselage with afterbody 
FB fuselage without afterbody 
W1 wing 
W2 wing with 60° drooped t i p s  
C1 canard 
V1 s ingle  v e r t i c a l  t a i l  
Vz twin v e r t i c a l  t a i l s  
N1 a l l  nacelles a f t  
N2 inboard nacelles forward 
N3 inboard nacelles forward and low 



APPARATUS AND TEST PROCEDURE 

Test F a c i l i t y  

The experimental data  reported herein  were obtained i n  t he  11- by 
11-foot, 9- by 7-foot, and 8- by 7-foot t e s t  sections of t h e  Ames Unitary 
Plan Wind Tunnel. This wind tunnel is  of t he  closed-circuit  variable-  
pressure type.  The 11- by 11-foot, 9- by 7-foot, and 8- by 7-foot t e s t  
sect ions  u t i l i z e ,  respectively,  s l o t t ed  w a l l s  and a symmetric f l ex ib l e  
nozzle, an asymmetric adjustable nozzle, and a symmetric f l ex ib l e  walled 
nozzle t o  provide f o r  continuous var ia t ion  of t he  t e s t  Mach number from 
0.65 t o  1.4, 1.5 t o  2.5, and 2.5 t o  3.5. Models t e s t ed  i n  t h i s  f a c i l i t y  
a re  s t i n g  mounted on a support system capable of movement t o  combined 
angles of a t t ack  and s ide s l i p .  Model forces  and moments a re  measured by 
a six-component strain-gage balance located within t h e  model. 

Models 

I l l u s t r a t i o n s  of t h e  t e s t  models a r e  shown i n  t he  photographs of 
f igure  2 and sketches of f igure  3. Model geometric charac te r i s t i cs  a r e  
presented i n  t ab l e  I and a key t o  the  nacelle locat ions  and mass flows 
i s  shown i n  t ab l e  11. Model configurations employ the  fuselage, wing, 
canard, and v e r t i c a l  t a i l  of reference 3. The wing has a hexagonal 
a i r f o i l  sec t ion  with constant 3-percent thickness from 30 t o  70 percent.  
Two v e r t i c a l - t a i l  configurations, a s ing le  t a i l  and a twin t a i l  arrangment, 
were t e s t ed .  Both t a i l  configurations had t he  same plan form. The canard 
and v e r t i c a l  ta i ls  were s e t  a t  0' def lect ion throughout the  t e s t .  

The t e s t  configurations a re  separated i n t o  f i ve  groups designated 
models 1, 2, 3, 4, and 5 t o  f a c i l i t a t e  presentation of data and discussion 
of r e s u l t s .  A l l  f i v e  models have t he  same wing, canard, and t a i l  p lan 
forms, and forebody. Model 1 incorporates four nacelles located i n  t h e  
a f t  pos i t ion  and a s ingle  v e r t i c a l  t a i l  on an extended afterbody a s  shown 
i n  f igure  3(a) .  Model 2 i s  model 1 with the  inboard nacelles moved forward 
0.81 nacel le  lengths as shown i n  f igure  3 (b ) .  Model 3 i s  model 2 with t he  
inboard nacel les  lowered one i n l e t  diameter. Model 4 incorporates a l l  
nacelles a f t ,  twin v e r t i c a l  t a i l s  mounted on t he  wing, no afterbody, and 
wing t i p s  def lected downward 600. Model 5 is  model 1 with wing t i p s  
deflected 60'. 



TEST CONDITIOES 

Data were obtained a t  Mach numbers of 0.65, 0.85, 0.95, 1.0, 1.1, 
1.25, 1.4, 1.6, 2.5, 3.0, and 3.5. Both t he  angles of a t t ack  and s ide s l i p  
were var ied from -60 t o  + 8 O .  Longitudinal data  were obtained with the  
model at o0 of s i de s l i p ,  and l a t e r a l  and d i rec t iona l  data were obtained 
with 30 and 50 angle of a t t ack .  The t e s t  Reynolds numbers based on t he  
reference mean aerodynamic chord were 4.2 mill ion and 3.5 mil l ion.  

Three i n l e t  mass flow r a t i o s  1.0, ~ 0 . 3 ,  and 0 were used. Mass-flow 
r a t i o  was assumed t o  be 1 .0  f o r  t h e  open nacelles.  For t he  p a r t i a l  mass- 
flow condition a nacelle e x i t  diameter of 0.65 inch was used throughout 
the  t e s t .  As a r e su l t ,  mass-flow r a t i o  which was calculated from a 
measured e x i t  s t a t i c  pressure with the  assumption of sonic ve loc i ty  at  
the  e x i t ,  varied from about 0.2 a t  M = 0.65 t o  0.3 a t  M = 3.5 with 
a = OO. Mass-flow r a t i o  varied s l i g h t l y  with a and P .  The max imum 
var ia t ion  was about kO.15 f o r  t he  inboard a f t  i n l e t  posi t ion where wing 
precompression w a s  f e l t .  

Al l  t he  t e s t  configurations incorporated f ixed boundary-layer 
t r a n s i t i o n  at about 10-percent chord of the  wing, canard, and v e r t i c a l  
t a i l s .  Transit ion w a s  a l s o  f ixed  2 inches back of t he  fuselage apex and 
1 inch back of t he  i n l e t  l i p .  The sublimation technique of reference 4 
was used t o  ver i fy  the  occurrence of t r ans i t i on  a t  the  desired locat ion.  

Reduction of Data 

The data  presented herein have been reduced t o  coef f ic ien t  form 
based on t h e  model wing geometry a s  l i s t e d  i n  t ab l e  I. The pitching- 
and yawing-moment coeff ic ients  have been re fe r red  t o  the  project ion,  on 
t he  body center l i n e ,  of the  0.25 point  of the  wing mean aerodynamic 
chord. A l l  coeff ic ients  were re fe r red  t o  t he  s t a b i l i t y  axes a s  indicated 
i n  f igure  1. 

The base pressures were measured and t he  drag data were adjusted t o  9 

correspond t o  conditions wherein t he  base pressures a r e  equal t o  f ree-  
stream s t a t i c  pressure. In te rna l  drag has been subtracted and buoyancy 
corrections were a-pplied t o  t h e  drag data.  Boundary-layer t r i p  drag has 
not been subtracted from the  model drag data.  Yawing- and pitching- 
moment data were not adjusted f o r  nacelle base drag or i n t e rna l  drag 
because these e f f ec t s  were negligible.  

Model a t t i t ude  has been corrected fo r  balance and s t i n g  def lect ion 
and l o c a l  stream angles. 



RESULTS _W DISCUSSION 

A complete s e t  of t e s t  data  i s  presented i n  t abu la r  form i n  t a b l e s  
111 through VII, Typical data  and summa.ry curves a r e  presented i n  f igures  
4 through 22. The magnitude of the  in terference e f f e c t s  resu l t ing  from 
diversion of t he  flow around the  nacel les  a r e  i l l u s t r a t e d  by a comparison 
of t he  over-a l l  incremental forces  and moments with t he  calcula ted con t r i -  
but ion of t h e  a x i a l  fo rce  on t he  blocked nacel les .  The calcula ted values, 
obtained by use of the  experimental drag of a f l a t - f a ced  cylinder of 
reference 5, a r e  p l o t t e d  f o r  comparison with t he  experimental data .  The 
r o l l i ng  moments ca lcula ted f o r  turning of the  flow by the  open nacel les  
( r e f .  6) a r e  a l so  presented. 

Model 1 

Directional  charac te r i s t i c s . -  The e f f e c t s  of off-design i n l e t  mass 
flow upon t he  d i r ec t i ona l  charac te r i s t i c s  of model 1 a re  i l l u s t r a t e d  by 
the  data  of f i gu re  4 and summarized i n  f i gu re  5. The major e f f ec t s  were 
tr:e incremental yawing moments which r e su l t ed  as mass flow was reduced. 
Small e f f e c t s  of reduced flow of e i t he r  inboard or outboard nacelle on 
yawing moments were present  f o r  Mach numbers below 2.0. Incremental 
yawing moments r e su l t i ng  from zero flow of e i t h e r  nacel le  were l e s s  than  
t h a t  produced by lo of s i de s l i p  of t he  model with unres t r i c ted  flow 
through the  nacel les .  A t  Mach numbers above 2.0, however, l a rge  e f f e c t s  
were evident. The outboard nacelle was responsible f o r  t he  g r ea t e s t  
yawing moments a s  expected. Zero mass flow of t h i s  nacel le  a t  Mach 
number 3.0 and 5 O  angle of a t t ack  produced a yawing moment equal t o  t h a t  
developed by the  model with unres t r i c ted  flow a t  about 5 O  of s ides l ip .  
The data  of f i gu re s  4 and 5 were obtained a t  3O angle of at tack;  however, 
the  data  of t a b l e  I11 indicate  t h a t  the  incremental yawing moments are 
independent of angle of a t t ack  i n  the  range of 00 t o  50. 

The incremental yawing moments present  with reduced mass flow a r e  
compared i n  f i gu re  5 with the incremental yawing moments ca lcula ted from 

" considerat ion of t h e  drag forces  on the  nacel le  alone. For Mach numbers 
l e s s  than about 2.5, t h e  in terference e f f e c t s  were compensating i n  t h a t  
the  measured moments were considerably l e s s  than those calculated.  For 
Mach numbers of 2.5 t o  3.5 the  measured incremental yawing moments were 
g rea te r  than calcula ted f o r  the  outboard nacel le  and were i n  f a i r  
agreement with calcula ted values f o r  t he  inboard nacelle.  

Direct ional  s t a b i l i t y ,  bcn/bp, was unaffected by reduced flow 
through the  inboard nacel le  a t  a l l  Mach numbers, and through the  outboard 
nacelle a t  Mach numbers below 2.0. However, between Mach numbers 2.0 and 
3.0, reduced flow through the outboard nacel le  caused a reduction i n  
d i rec t iona l  s t a b i l i t y  f o r  a por t ion of t he  range of s i de s l i p  angles,  



These e f f ec t s  a r e  i l l u s t r a t e d  i n  f igure  4 (b) ,  The disturbance f i e l d  
generated by t he  outboard nacel le  i n l e t  was able t o  pass over t h e  wing and 
thus a f f e c t  the  flow over the  v e r t i c a l  t a i l  whereas the  inboard disturbance 
f i e l d  was confined under t h e  wing. A t  Mach numbers below 2.0 t h e  outboard 
i n l e t  shock wave passed f a r  enough ahead of the  v e r t i c a l  t a i l  so  t h a t  t he  
t a i l  was i n  a f i e l d  of minor disturbances. A t  Mach numbers above 3.0 l e s s  
of the  outboard disturbance f i e l d  went over t he  wing and t he  shock wave 
passed behind t h e  v e r t i c a l  t a i l .  The expansion f i e l d  of the  nacel le  e x i t  
may a l s o  have a des tab i l i z ing  influence. Further inves t iga t ion  is  
necessary t o  determine the  por t ion of t he  in terference e f f e c t s  contributed 
by each of these  f i e l d s .  

La te ra l  charac te r i s t i c s . -  The e f f e c t s  of reduced i n l e t  mass flow 
operation upon l a t e r a l  cha r ac t e r t i s t i c s  of model 1 a r e  i l l u s t r a t e d  i n  
f igures  6, 7, and 8. The primary e f f e c t s  were l a rge  incremental r o l l i n g  
moments with only s l i g h t  changes i n  d ihedral  e f f ec t ,  bC~/aJ3. The incre-  
ments were a function of Mach number, i n l e t  mass-flow r a t i o ,  angle of 
a t t ack ,  and nacelle l a t e r a l  pos i t ion .  Large incremental r o l l i n g  moments 
occurred throughout t he  Mach number range f o r  reduced flow through the  
inboard nacel le  and a t  Mach numbers below 2.2 f o r  t he  outboard nacelle.  
For Mach numbers of 2.0 t o  3.5, zero flow through t he  inboard nacel le  
r e su l t ed  i n  considerably l a r g e r  incremental r o l l i ng  moments than zero flow 
through the  outboard nacelle.  Interference e f f ec t s  accounted f o r  most of 
t he  measured r o l l i n g  moment. As indicated i n  f igure  7 t he  incremental 
r o l l i n g  moments were f a r  g r ea t e r  than calcula ted f o r  turning of the  flow 
by t he  open nacelles ( r e f .  6) .  Rolling moments were produced which tended 
t o  r a i s e  t he  af fected wing at  Mach numbers above 2.0, and drop the affected 
wing at Mach numbers below 0.95, and between 1 .2  and 2.0, a s  denoted i n  
f igures  6(a)  and 7 ( a ) .  Zero flow through t he  inboard nacelle at Mach 
number 3.0 produced an  incremental r o l l i n g  moment of O . O O l 5 ,  which f o r  an 
assumed a i l e ron  effect iveness  of 0.0003 w i l l  require  5 O  of a i l e ron  
def lec t ion  t o  t r i m .  With t h i s  incremental r o l l i ng  moment and a damping i n  
r o l l  value of -0.11measured f o r  the  same configuration with unres t r i c ted  
nacel les  (unpublished da ta ) ,  a p b / 2 ~  value of 0.014 is  obtained. A t  an 
assumed a l t i t u d e  of 70,000 f e e t  a r o l l  r a t e  of about 0.8 rad ian  per second 
w i l l  r e s u l t  f o r  a 100-foot-span a i rplane.  

Incremental r o l l i n g  moment was a s ign i f i can t  function of angle of y 

a t t ack  as indicated i n  f igure  8. For Mach numbers g rea te r  than  2.0 and 
l e s s  than 1 .0  the  l a rge s t  va r ia t ions  with angle of a t t ack  occurred f o r  
reduced mass flow through the  outboard nacelle.  

Longitudinal charac te r i s t i c s . -  Effects  of reduced mass flow operation 
of a nacelle upon pitching-moment charac te r i s t i c s  of model 1 a r e  presented 
i n  f igures  9 through 12." A generally pos i t ive  incremental p i tching moment 
w a s  produced by the  inboard nacelle with s ign i f i can t  increments occurring , 

 he moment reference center  chosen resu l ted  i n  a longi tudinal ly  
neu t ra l  or  unstable configuration a t  Mach number 0.65. 



i n  the &ch number range of 1 .0 and 2.0. The maximum increment for  zero 
flow a t  supersonic speeds was equivalent t o  tha t  produced by a change i n  
angle of attack a t  about -lo, As indicated i n  figure 10, the calcu-lated 
incremental pitching moment due t o  drag of a plugged inboard nacelle was 
negligible compared t o  interference effects .  

Variations i n  longitudinal s t a t i c  margin as  a r e su l t  of reduced flow 
are i l l u s t r a t e d  i n  figure 11. Zero flow through e i ther  nacelle produced 
a t  Mach number 1.0 a negative incremental ~ c & c ~  (an increase i n  longi- 
tudinal s t a t i c  margin) of about 2-1/2 percent of mean aerodynamic chord. 
A t  a l l  other Mach numbers incremental a g a c L  was 1 percent or l e s s .  

A large incremental drag resulted from reduced flow. A t  zero flow 
conditions the nacelle i s  effect ively a flat-faced cylinder. Incremental 
drag a t  zero l i f t  i s  compared i n  figure 12 with calculated drag of an 
equivalent f la t -faced cylinder obtained with the use of coefficients from 
reference 5 .  ( ~ a s e  drag has been removed from both s e t s  of data. ) 

The experimental incremental drag was generally higher than 
calculated. The best agreement was indicated fo r  the outboard nacelle. 
For the inboard nacelle, interference ef fec ts  increased the drag by about 
100 percent a t  Mach number 0.65, and about 30 percent a t  supersonic Mach 
numbers. 

Models 2 and 3 

It was e q e c t e d  tha t  off-design mass-flow ef fec ts  of the outboard 
nacelle fo r  models 2 and 3 would be l i t t l e  different  than f o r  model 1 
because the  configurations varied only i n  location of the  inboard 
nacelles, Consquently, the mass-flow r a t i o  of the outboard nacelle was  
maintained a t  1.0 and only the mass flow through the inboard nacelle w a s  
varied. Incremental changes i n  s t a b i l i t y  characteristics f o r  models 
2 and 3 were similar so the discussion i s  combined. No typical  data 
curves a re  presented since the increments i n  forces and moments a re  small 
and are  best  i l l u s t r a t ed  i n  a summary form. 

Directional and l a t e r a l  characteristics.-  Incremental yawing 
moments, as  i l l u s t r a t ed  i n  the  summary curves of figure 13, were equal t o  
or l e s s  than tha t  due t o  the drag of the blocked nacelle for  a l l  Mach 
nmibers except near 2.0. Directional s t a b i l i t y  was only s l igh t ly  
affected by reduced flow conditions. 

Incremental ro l l ing  moments produced by reduced flow are  i l l u s t r a t ed  
i n  figure 14. For ei ther  nacelle location the measured rolling-moment 
increments were f a r  greater than the small moments calculated for  turning 
of the flow by the open nacelles, Zero flow through the inboard nacelle 



of e i t he r  model a t  Mach number 3.0 resul ted i n  an incremental r o l l i n g  
moment of -0.0012. This i s  about the  same magnitude but  of opposite 
s ign t o  t ha t  f o r  a plugged inboard nacelle i n  t he  a f t  posi t ion (node1 1). 
Differences between these r e s u l t s  a r e  probably due t o  i n l e t  and e x i t  
interferences.  When t h e  i n l e t  was i n  the  forward posi t ions ,  t h e  i n l e t  
disturbance f i e l d  passed over t he  wing and t he  e x i t  expansion f i e l a  may 
have influenced the  pressures on t he  underside of t h e  wing. Rolling- 
moment increments did not diminish with the  increased distance between 
t h e  nacelle and wing of model 3. 

Longitudinal character is t ics . -  Pitch-down moment increments occurred 
f o r  both configurations i n  t he  transonic Mach number range a s  shown i n  
f igure  15. Small pitch-up moments were indicated a t  Mach numbers above 
1.3. The calculated moments due t o  drag of t h e  blocked nacelle a r e  small. 

A decrease i n  longi tudinal  s t a t i c  margin of about 2 percent of mean 
aerodynamic chord occurred near Mach number 1.0 with zero flow condition 
f o r  e i t he r  model, a s  i l l u s t r a t e d  i n  f igure  16. S t a t i c  margin changed l e s s  
than 1 percent a t  a l l  other Mach numbers, For most of t he  Mach nmiber 
range, incremental drag f o r  zero flow agrees reasonably well  with calcu- 
l a t e d  values as i l l u s t r a t e d  i n  f igure  17. The agreement i s  b e t t e r  than 
f o r  t h e  same nacelle i n  the  a f t  posi t ion (model 1, f i g .  12(a ) ) .  Incre- 
mental drag i s  independent of nacelle v e r t i c a l  posi t ion.  

Model 4 

Model 4 w a s  s imilar  t o  model 1 i n  t h a t  a l l  nacelles were a f t ;  however, 
it d i f fe red  i n  t h a t  twin v e r t i c a l  t a i l s ,  no afterbody, and deflected wing 
t i p s  were incorporated. Since t he  incremental r e s u l t s  a t  low and high 
Mach numbers conformed closely  t o  those of model 1, no data were obtained 
a t  Mach numbers 1.6 and 2.0. I n  addit ion,  t he  p a r t i a l  flow condition w a s  
omitted since r e s u l t s  from model 1 indicated t h a t  t h e  increments produced 
were similar ,  with a reduced magnitude, t o  those of zero flow. 

Directional  and l a t e r a l  character is t ics . -  Effects  of off-design i n l e t  
mass flow on d i rec t iona l  and l a t e r a l  charac te r i s t i cs  a r e  presented i n  
f igures  18, 19, and 20. Incremental yawing moments were small and l e s s  
than calculated f o r  Mach nwribers below 1.4 a s  shown i n  f igure  20(a) .  For 
t he  Mach number range from 2.5 t o  3.5, f a i r  agreement i s  shown f o r  t he  
inboard nacelle plugged but  not f o r  t he  outboard nacelle plugged and t he  
incremental moments a r e  similar  t o  those of model 1 ( f ig .  5 ) .  

The ty~p ica l  data presented i n  f igure  18 indicate  t h a t  d i rec t iona l  
s t a b i l i t y  was only s l i g h t l y  affected by plugging e i t he r  nacel le ,  This i s  
somewhat surpr is ing since t he  deflected wing t i p  i s  close t o  t he  outboard 
nacelle and the  l e f t  v e r t i c a l  t a i l  i s  enveloped by t he  outboard i n l e t  
disturbance f i e l d  which pass The tabulated data  



presented i n  table VI indicate tha t ,  unlike the other models, rudder 
deflection w i l l  be required a t  Mach number 3.5 t o  t r i m  the incremental 
yawing moment produced by zero flow through the outboard nacelle, The 
model was directionally unstable a t  Mach number 3.3 a t  s idesl ip  angles 
greater than 6'. 

As shown i n  figure 20(b), the interference ef fec ts  on l a t e r a l  
stabili- ty were found t o  be similar t o  those of model 1 (f ig .  8).  The 
plugged inboard nacelle produced large posit ive increments i n  ro l l ing  
moment a t  the high Mach numbers. A s  with model 1, the  incremental ro l l ing  
moments were f a r  greater than those at t r ibutable  t o  turning of the flow by 
the open nacelles. 

Longitudinal characteristics.-  The ef fec ts  of off-design mass flow 
upon longitudinal character is t ics  a re  shown i n  f i w e s  21 and 22. 
significant incremental pitching moments a t  zero i i f t  were produced by the 
inboard nacelle fo r  Mach numbers 1.0 and 3.5. The incremental moments 
were equivalent t o  those resul t ing from a change i n  angle of attack of 
- 3 O  and +3-1/2' a t  Mach numbers 1.0 and 3.5, respectively. 

Zero flow through e i ther  nacelle increased longitudinal s t a t i c  
margin about 4 percent a t  Mach number 1.0. S ta t i c  margin was decreased 
about 1 percent a t  Mach number 3.5. 

Incremental drag from zero flow through ei ther  nacelle i s  similar t o  
tha t  of model 1 ( f ig .  12) . 

Model 5 

The limited data a t  Mach numbers 2.5, 3.0, and 3.5 obtained f o r  
model 5 are presented i n  table  VlI. 

CONCLUDING 

The following observations a re  indicated by the experimental r e su l t s  
herein presented. 

Large yawing moments were produced a t  Mach numbers greater than 2.0 
by reduced mass flow through an outboard nacelle. These yawing moments 
are  believed t o  resu l t  from (1) interference ef fec ts  on the ver t ica l  t a i l ,  
adjacent nacelle, and fuselage, and (2) drag of the blocked nacelle. 
Important but smaller yawing moments resulted when an inboard nacelle i n  
the a f t  posit ion was blocked. 



Reduced mass flow through an inboard nacel le  i n  the  a f t  pos i t ion  
produced la rge  wing-up r o l l i n g  moments a t  Mach numbers above 2.0 and 
wing down r o l l i n g  moments a t  Mach numbers below 2.0, Wing-down r o l l i n g  
moments occurred when t he  inboard nacelle i n  the  forward pos i t ion  w a s  
blocked. 

Signif icant  incremental pi tching moments at zero l i f t  near Mach 
number 1.0 were produced when the  mass flow of t h e  inboard nacel le  was 
reduced. 

Large changes i n  longi tudinal  s t a t i c  margin resu l t ed  from reduced 
mass flow f o r  a l l  configurations a t  Mach number 1.0. Blocking an a f t  
nacelle increased t he  longi tudinal  s t a t i c  margin while blocking a nacel le  
i n  t h e  forward pos i t ion  reduced it. 

Interference e f f e c t s  of off-design i n l e t  mass-flow conditions were 
found t o  be a funct ion of nacel le  placement r e l a t i v e  t o  other components 
such as t h e  fuselage,  wing, and v e r t i c a l  ta i l ,  and i n  addit ion were found 
t o  be a function of a, p ,  Mach number, and i n l e t  mass-flow r a t i o .  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  Cal i f .  , Aug. 7 ,  1962 



1. Smith, Willard G, ,  and Ball, Louis H.: S ta t ic  Lateral-Directional 
S tabi l i ty  Characteristics of Five Contemporary Airplane Models 
From Wind-Tunnel Tests a t  High Subsonic and Supersonic Speeds. 
NACA RM A55 J03, 1956. 

2. Robinson, Ross B., and Spearman, M. Leroy: S ta t ic  Lateral and 
Directional S tabi l i ty  and Control Characteristics of a 1/40- 
Scale Model of a 60' Delta Wing Bomber Configuration a t  a Mach 
Number of 1.99, NASA TM X-537, 1961. 

3. Fletcher, LeRoy S.: S ta t ic  S tabi l i ty  Characteristics of a Delta- 
Winged Configuration With a Canard Control and Nacelles a t  Mach 
Numbers From 0.25 t o  3.50. NASA TM X-651, 1962. 

4. Main-Smith, J. D.: Chemical Solids as  Diffusible Coating Films f o r  
Visual Indication of Boundary Layer Transition i n  A i r  and Water. 
R.A.E. Rep. Chem. 466, 1950. 

5. Hoerner, Sighard F. : Fluid-Dynamic Drag. Published by Author, 1958. 

6. Brown, Clinton E., and Parker, Hermon M.: A Method for  the Calcu- 
l a t ion  of External Li f t ,  Moment, and Pressure Drag of Slender 
Open-Nose Bodies of Revolution a t  Supersonic Speeds. NACA 
Rep. 808, 1945. 





TABLE I , -  GEOMETRIC CHARACTERISTICS - Concluded 

(s ingle  and twin ve r t i ca l s  are  same except as  noted 

Exposed area,  sq in .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  Single. 41.42 . . . . . . . . . . . . . . . . . . . . . . . . .  Each twin 42.13 . . . . . . . . . . . . . . . . . . . . . . . . .  Span, in .  5 - 6 3  

. . . . . . . . . . . . . . . . . . . . . . . . . .  Single. 0.771 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Twin 0.758 . . . . . . . . . . . . . . . . . . . . . . . . .  T a p e r r a t i o  0.336 . . . . . . . . . . . . . . . . . . . . . .  Root chord, i n .  10.97 . . . . . . . . . . . . . . . . . . . . . . .  T i p c h o r d , i n .  3.69 . . . . . . . . . . .  Airfo i l  section Hexagon with thickness constant 
from 30 t o  70 percent 

Thickness, percent 

Root . . . . . . . . . . . . . . . . . . . . . . . . . .  

Root and t i p .  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Cross sect ion .Circular . . . . . . . . . . . . . . . . . . . . . . . .  Length, i n .  12.28 . . . . . . . . . . . . . . . . . . .  Maximum diameter, in .  1.60 

Maximum cross-sectional area, sq in .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  I n l e t  area,  sq i n .  1.54 

Lip angle, deg . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  Boatta i l  angle, deg 
Wing spanwise locat ion 



TKE3LJE 11.- NACELLE LOCATION, MASS FLOW KIX, AND INDEX TO TABUSSLTD DATA 

m/m, = 1 

Nacelle configuration 

Model 1 

NIA 

Model 2 

N 2 ~  

Om/m,- 0.3 @ m / m r n  = 0 Tabulated data  

Rear view (1 Table no. Par t  

Outboard nacel le  
always a 

I11 a 

Note: Mass flow re fe rs  t o  l e f t  wag nacelles 



TABLE 11.- NACELLE IiQCATION, MASS FLOW KEY, AND INDEX TO 
TASUIXTED DATA - C o n c l u d e d  

Nacelle configuration 

Model 3 

Model 4 

NlA 

Model 5 

da ta  





TABU 111.- AERODYNAllIC CHARACTERISTICS OF 1,IODEL 1 ( F ~ I ~ I ~ C ~ V ~ I ~ ~ )  - Continued 



TABLE 111.- AlBODYNAI.IIC CHARACTERISTICS OF I4ODEL 1 ( F ~ I ~ ~ c ~ v ~ N ~ )  - Continued 



TABLE 111. - AFRODYNAEdIC CHARACTERISTICS OF I(i0DEL 1 ( F ~ I , I ~ C ~ V ~ N ~ )  - Continued 



TABLE 111.- AERODYNAHIC C H A R A C T E R I S T I C S  O F  PODEL 1 ( F ~ W ~ C ~ ~ N ~ )  - Continued 
- - 

(b) Plass-flow configuratioli NIB; 

mI/m, = 0.3, mO/m, = 1.0 



TABLE 111.- AERODYWAI*IIC CHARACTERISTICS OF i4ODEL 1 (FIW1~l~lNI) - Continued 



TABLE 111.- AERODYNAMIC CHARACTWISTICS OF 1.1ODEL 1 ( F ~ I . I ~ c ~ v ~ w ~ )  - Continued 

(b) Mass-flow conf igura t ion  N l ~ j  

m1/mm = 0.3, no/& = 1.0  - Concluded 



TABLE 111.- AMODYNAt4IC CKARACTERISTICS OF MODEL 1 ( F ~ T $ ~ c ~ v ~ I ~ ~ )  - Continued 



TABLE 111.- AET(ODYWAI.lIC CKARACTERISTICS OF I.5ODEL 1 ( F ~ ~ ~ I ~ c ~ v ~ N ~ )  - Continued 



TABLE 111.- AEAODYNAI4IC CHARACTERISTICS OF MODEL 1 ( F ~ c I ~ c ~ v ~ N ~ )  - Continued 

( c )  )lass-flow configuration N ~ c ;  
mI/lrb, = 0, no/m, = 1.0 - Concluded 



TABU 111.- AEROMNAhfIC CHARACTERISTICS O F  MODEL 1 (F1!~l l~ lVl~l )  - Continued 

(dl Mass-flow conf igura t ion  N ~ ~ ;  

mI/m, = 1.0, m0/& = 0 .3  



TABLE 111. - AERODYNMIIC CXARACTERISTICS OF MODEL 1 ( F ~ I I ~ c ~ v ~ N ~ )  - Continued 



TABLE 111.- AEZODY71M.fIC CHARACTEnISTICS OF :PODEL 1 ( F ~ W ~ C ~ V ~ I I ~ )  - Continued 



TABLE 111.- AERODYNMIIC CAARACTERISTICS OF MODEL 1  ( ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 )  - Continue6 



TABLE 111.- AERODYKQtTC CHARACTERISTICS OF 1:ODEL 1 ( F ~ w ~ c ~ v ~ N ~ )  - Continued 



TABLE 111. - AERODYNAMIC CKARACTERI&ICS O F  I-IODEL 1 ( F ~ I , ~ ~ C ~ V ~ N ~ )  - C o n t i n u e d  



TABLE 111. - AJ3RODYNM.EC CHAMCTWISTICS OF C.IODEL 1 ( F l ~ ~ l ~ l ~ L ~ l )  - Continued 

( f )  I.lass-flow configuration NIF; 

mI/mm = 0, mo/mm = 0 - Continued 



TABLE 111.- AKROJJYNAI.IIC CHARACTZRISTICS OF MODEL 1 ( F l ~ , ~ l V , N l )  - Concliided 

( f )  ?.lass-flow configuration Nu; 
mI/& = 0, DO/& = 0 - Concluded 



TABLE N.-  AERODYNAMIC C H A R A C T E R I S T I C S  O F  MODEL 2 ( F ~ W ~ C I V ~ N ~ )  



TABLE N.- AERODYNAIAI~IC CHARACTERISTICS OF E.IODEL 2  ( F ~ w ~ c ~ v ~ N ~ )  - C o n t i n u e d  



(a)  ass-flow configuration N ~ ;  FWI 

mI/m, = 1.0, mg/m, = 1.0 - Concluded 

a, deg B, deg CJ, CD CB CY Cn cz 

M = 2.50 

-04.3 00.0 -0.136 e0265 00141 -0.001 00001 00002 
-02.2 00.0 -0.070 00189 00090 -0.001 .0001 e0001 
-00.1 00.0 -0.003 -0158 ,0025 0*000 a0001 .0001 

01.9 00.0 0.067 00183 -00035 0.000 00000 .do02 
04.0 00.0 0.136 00257 -00088 0.000 .0000 00002 
08.2 00.0 0.273 00562 -e0183 00000 -.0001 00001 

02.9 -06.0 0.101 -0216 -00066 0.051 -.0074 ,0044 
02.9 -04.0 0.101 00216 -00067 0.033 -so050 -0030 
02.9 -02.0 0.100 00215 -00064 0.016 -so024 00015 
02.9 00.0 0.102 00212 -a0064 00000 00000 00002 
02.9 02.0 0.102 -0216 -e0069 -0.017 e0026 -00013 
02.9 04.0 0.103 -0218 -.0068 -0.033 boo52 -.0026 
02.9 06.0 0.102 00219 -.0071 -0.051 a0074 -a0039 
0209 -08.0 0.101 -0222 *.0076 -0.071 -0097 -.0050 

- . -  

M = 3.00 

-04.3 00.1 -0.114 00236 so098 0 ~ 0 0 0  -.0000 00001 
-02.2 00.1 -0.098 00168 00064 -0e001 -*0000 e0001 
-00.1 00.1 0.001 00140 00022 0.000 -.0001 a0001 

01.9 00.1 00059 00164 -00016 0.000 -00001 00001 
04.0 00.1 00117 a0233 -*0048 00000 -e0001 .0001 
08.1 00.1 0.235 -0495 -*0118 0.000 - ~ 0 0 0 1  e0001 

02.8 -06.0 0.088 00197 -00047 0.048 -00037 00039 
02.8 -04.0 0.088 00196 -00038 0.031 -00029 00027 
02.9 -01.9 0.087 00193 -a0032 0.015 -00015 00014 
02.9 00.1 0.088 00194 -00032 0.000 -a0001 00001 
03.0 02.1 0.088 00196 -00033 -0.015 a0013 -00012 
03.0 04.2 0.088 00200 -00039 -0.031 e0029 -a0025 
03.1 06.3 00089 e0203 -00048 -0.048 00038 -.0037 
0301 08.3 0.089 a0208 -00053 -0.069 00049 -.0047 

04.9 -06.0 0.148 00281 -00090 0.049 -00018 00040 
0500 -01.9 0.145 00278 -00066 0.016 -*0008 00014 
0500 00.1 0.147 e0282 -80065 0.000 -e0001 e0001 
0501 02.1 0.147 eO285 -00066 -0.015 ~ 0 0 0 7  -a0012 
05.2 06.3 0.148 00291 -.0088 -0.049 00018 -00038 
05.2 08.4 0.149 e0297 -.0095 -0.070 a0029 -moo51 

M = 3.50 

-04.2 00.0 -0.097 00209 00061 -00002 00003 .0001 
-02.2 0010 -0.048 00149 -0041 -0.002 -0003 a0001 
-00.1 00.0 0.001 00127 00013 -0.002 e0002 e0001 

01.9 00.0 0.051 -0147 -00010 -0.001 e0002 e0001 
03.9 00.0 0.101 00207 -.0028 -0.001 .0001 r0001 
08.0 00.0 0.203 a0434 -so065 -0.001 e0002 e0000 

02.5 -06.4 0.078 m0172 -00037 0.047 -.0023 -0035 
02.6 -04.2 0.076 a0172 -00027 0.031 -.0024 .0024 
02.7 -02.1 0.075 -0170 -000J9 00015 -roo16 -0013 
02.9 0010 0.077 00171 -00019 -0.000 e0002 e0001 
03.0 02.1 0.077 00175 -a0021 -0.017 e0019 -.0011 
03.2 04.3 0.077 00179 -.0026 -0.032 a0027 -00022 
03.3 06.4 0.078 00184 -.OD36 -0.048 .0025 -.0032 
03.4 08.5 0.079 00191 -.0040 -0.067 a0024 -.0043 



TABLE IV.- ~ O ~ C  CHAIIAWEMSTICS OF MODEL 2 ( F ~ w ~ c ~ v ~ N ~ )  - Continued ' 

(b) Mass-flow configuration N2B; 
mI/& = 0.3, no/%, = 1.0 



TABLE: IV.- AEXODYNAhlIC CHARACTERISTICS OF MODEL 2 ( F T I , I ~ C ~ V ~ N ~ )  - Continued 

(b) I4ass-flow conf igura t ion  NZB; 
mI/m, = 0.3, mo/mm = 1 . 0  - Concluded 



TABLG N. - mODYNAMIC CHARACTHlISTICS OF MODEL 2 ( F , W ~ C , V ~ N ~ )  - Continued 

( c )   ass-flow configuration N 2 ~ ;  

mI/m, = 0,  mo/mm = 1.0 



TABLE IV.- PFRODYDIAL.IIC CHARACTEXISTICS OF KODEL P ( F ~ : I ~ c ~ v ~ M ~ )  - Continued 





TABLE V. - AWODYNAMIC CHARRCTERETICS OF MODEL 3 ( F ~ w ~ c ~ v ~ N ~ )  

(a) ~sss-flow configuration s-3~; 
mI/m, = 1.0, mo/m, = 1.0 

a, aeg B, aeg C, 

M = 0.65 

C~ 

-04.3 
-0201 
00.0 
02.1 
04.3 
08.7 

03.2 
03.2 
03.2 
03.2 
03.2 
03.2 
03.2 

C%o CL Cy CD 

M = 0.85 

00.0 
00.0 
00.0 
00.0 
00.0 
00.0 

-04.0 
-02.1 
00.0 
01.9 
03.9 
05.9 
07.9 

cn c l  

-0.223 
-0.118 
-0.018 
0.088 
0.198 
0.429 

0.144 
0.146 
0.147 
0.145 
0.143 
00142 
0.142 

~0298 
00189 
e0154 
00178 
r0286 
.0773 

a0217 
.0221 
-0222 
a0223 
00220 
e0215 
a0213 

e0020 
-0039 
e0047 
.0073 
.a114 
-0241 

.PO85 

.0088 
,0088 
e0085 
.0075 
-0069 
e0057 

0.000 
0.000 

-0.001 
-0.001 
0.000 

0.045 

0.001 
-0.020 
-00044 
-0.070 
-0.097 

-.0004 
-00003 

0.000-.0000 
*0002 
.0001 
.0004 

-00108 
0.021-e0047 

.0002 
e0047 
e0108 
60179 
.0248 

e0003 
00003 
-0003 
00002 
e0003 
00001 

a0067 
,0034 
.0002 

-a0028 
-00060 
-.0091 
-00117 

.0020 

.0018 
-0017 
-0019 
00019 
a0022 

40022 
-0021 
r0020 
.0020 
-0021 
a0024 
.0027 

e0000 
rOOOO 
.0000 
a0000 
00000 
*0000 

.0000 

.0000 

.0000 
00000 
00000 
.0000 
*0000 

e0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.0000 
rOOOO 
.0000 
.0000 
.0000 
.0000 
oOOOO 



TABLE V.- AWOM[NAMIC CHARACTERISTICS OF MODEL 3 ( F ~ w ~ c ~ v ~ N ~ )  - Contirlued 
1 

(a) Mass-flou configuration N3A; 
m1/% = 1.0, mo/m, P 1.0 - Continued 



(a) 1.?ass-i10~1 co~~iigmation ?I3*; 

= 1.0, ino/lmm = 1.0 - Concluded 



TABLE V .  - AFRODYNbXIC CHARACTERISTICS OF PlODEL 3  ( F ~ : . ! ~ C , V ~ N ~ )  - Continued 

( b )  Plass-flow configuratIo!i N3B; 
niI/m, = 0 . 3 ,  !riOjni, = 1 . 0  



TABLE V.- AERODYNAMIC CHARACTERISTICS OF MODEL 3 ( F ~ W ~ C ~ V ~ N ~ )  - Continued 

(b) Mass-flow configuration N3=; 

mI/m, = 0.3, m0/& = 1.0 - Continued 



nur ,- 1w 

W L F  V.- AWODYNAMIC CHARACTERISTICS OF MODEL 3 ( F ~ w ~ c ~ v ~ N ~ )  - Continued 

(b)  ass-flow configuration N3Bj 
my/% 1;. 0.3, m0/% = 1.0 - Concluded 

a, deg p, 6% 

M = 2.50 

CL 

-04.3 
-02.2 
-00.1 
01.9 
04.0 
08.2 

02.9 
02.9 
03.0 
03.0 
03.0 
03.0 
02.9 
02.9 

CD 

00.0 
00.0 
00.0 
00.0 
00.0 
00.0 

-06.0 
-04.0 
-02.0 
00.0 
02.0 
04.0 
06.0 
08.0 

M = 3.00 

Cm 

-0.131 
-0.068 
-0.003 
0.064 
0.132 
0.267 

0.100 
0.098 
0.097 
0.098 
0.098 
0.098 
0.098 
0.099 

-04.2 
-02.2' 
-00.1 
01.9 
04.0 
08.1 

02.8 
02.8 
02.9 
02.9 
03.0 
03.0 
03.1 
03.1 

04.8 
04.9 
05.0 
05.0 
05.1 
05.1 
05.1 
05.2 

CY 

e0323 
.0248 
.0217 
,0239 
,0309 
e0603 

-0273 
,0269 
,0267 
a0268 
e0267 
e0269 
e0269 
e0271 

00.1 
00.1 
00.1 
00.1 
00.1 
00.1 

-06.0 
-04.0 
-01.9 
00.1 
02.1 
04.2 
06.3 
08.4 

-06.0 
-04.0 
-01.9 
00.1 
02.1 
04.2 
06.3 
08.4 

e0294 
.0229 
e0203 
e0221 
e0283 
*0544 

,0255 
e0251 
.0246 
-0244 
e0246 
.0250 
-0254 
00258 

00338 
e0332 
e0329 
e0331 
00332 
00336 
.0339 
e0346 

Cn 

-0173 
e0120 
.0052 

-.0011 
-.0065 
-.0167 

-a0059 
-.0052 
-.0042 
-.0039 
-.0045 
-.0054 
-.0063 
-.0079 

0.000 
0.000 
0.001 
0.001 
0.002 

0.057 
0.036 
0.018 
0.001 

-0.036 
-0.055 
-0.078 

0.058 
0.037 
0.019 
0.002 

-0.036 
-0.055 

-0.107 
-0.053 
0.002 
0.058 
0.115 
0.231 

0.089 
0.087 
0.086 
0.086 
0.086 
0.087 
0.088 
0.089 

0.145 
0.144 
0.142 
0.144 
0.143 
0.144 
0.145 
0.147 

-0124 
.0084 
-0037 

-.0004 
-.0042 
-a0118 

-a0049 
em0034 
e.0024 
-.0023 
-*0026-0.018 
-so037 
-.0053 
-moo68 

-no086 
-a0072 
-a0061 
-a0060 
-.0064-0.017 
-.0077 
-.0096 
-.0110-0.078 

-0.001 
0.000 
0.000 
0.001 
0.002 
0.002 

0.064 
0.042 
0.021 
0.001 
-0.019 
-0.040 
-0.061 
-0.084 

0.000--0009 
-a0009 
-a0006 
-.0004 
-.0002 
e0001 

-a0038 
-.0030 
-a0018 
-a0002 
,0015 
.0028 
,0033 
.0041 

-.0020 
-a0015 
-.0010 
-.0001 
e0011 
.0016 
-0015 
.0021 

C%o cz C%F 

-a0010 
-.0010 
-.0007 
-.0007 
-.0005 
-a0002 

-.0085 
-.0063 
-.0033 
-.0006 

,0051 
,0071 
,0085 

.0002 

.0000 
-.0003 
-.0005 
-a0009 
-.0014 

a0029 
,0017 
.0005 

-.0007 
-.0020 
-.0032 
-.0044 
-.0055 

.0024 
r0012 
a0002 

-.0010 
-.0023 
-moo35 
-a0046 
-.0057 

-.0002 
-.0004 
-.0005 
-00007 
-*0010 
-a0013 

00032 
a0018 
e0004 

-.0009 
,0023-e0022 

-a0035 
-60048 
-moo58 

e0031 
-0030 
-0030 
e0029 
.0029 
.0029 

-0030 
,0030 
,0030 
e0030 
-0030 
.0031 
-0032 
.0032 

,0031 
.DO31 
e0031 
-0030 
-0030 
,0031 
.0032 
e0032 

,0036 
.0035 
e0035 
00035 
00036 
-0037 

.0036 

.0036 
e0035 
-0035 
00036 
00037 
e0037 
a0038 

.0002 

.0002 
e0002 
e0002 
00002 
*0002 

r0002 
e0002 
00002 
*0002 
boo02 
e0003 
-0003 
-0003 

.0002 
00002 
a0002 
,0002 
.0002 
00003 
a0003 
e0003 

rOOOO 
.0000 
.0000 
.OOOO 
.0000 
00000 

e0000 
.0000 
.0000 
.0000 
*0000 
.OOOO 
.0000 
.0000 

.0000 

.0000 

.OOOO 

.0000 

.0000 

.0000 
*0000 
.0000 

a0004 
e0004 
00004 
r0004 
e0004 
*0004 

e0004 
a0004 
.0004 
00004 
00004 
e0004 
e0004 
e0005 

e0000 
.OOOO 
.0000 
.0000 
.0000 
.0000 

.0000 
e0000 
-0000 
e0000 
.0000 
.0000 
.0000 
.0000 



TABLE V. - AERODYNMC CHARACTXRISTICS OF !.iODEL 3 ( F ~ ~ ~ c ~ v ~ N ~ )  - Continued 

(c) ].lass-flow configuration lJ3C; 
" ~ / m m  = 0, ao/m, = 1.0 



TABLZ V.- AE3ODYDIAlIIC CHARACTWISTICS OF MODEL 3 ( F ~ I J ~ c ~ v ~ N ~ )  - Continued 



TABLE V. - AERODYNAMIC CBARACTH(ISTfCS OF MODEL- 3 ( F ~ w ~ c ~ v ~ N ~ )  - Concluded - 
t 

( c )  Mass-flow configuration N3C; 
mI/& = 0, mo/& = 1.0 - Concluded 



TABU V1.- AERODYNAMIC CHARACTERISTICS OF MODEL 4 (F2W2C1V2N1) 

(a) Mass-flow configuration Nu; 
mI/m, = 1.0, mo/m, = 1.0 

Aft 

a, aeg B, deg 

M = 0.65 

CL 

-04.2 
-02.1 
0000 
02.1 
04.3 
08.6 

03.2 
03.2 
03.2 
03.2 
03.2 
03.2 
03.2 

CD 

-00.1 
-00.1 
-00.1 
-00.1 
-00.1 
-00.1 

-04.2 
-0202 
-00.1 
01.8 
03.8 
05.8 
07.9 

M = 0.85 

CY cm 

-0.195 
-0.103 
-0.015 
0.077 
0.175 
0.379 

0.130 
0.128 
0.126 
0.124 
0.124 
0.125 
0.127 

-0281 
,0190 
,0160 
-0182 
,0272 
.0691 

e0212 
e0215 
e0217 
.0217 
.0211 
.0207 
.OEOO 

00000 
00000 
00000 
e0000 
.0000 
.0000 

00000 
00000 
.0000 
.0000 
00000 
00000 
.0000 

.0000 

.0000 
e0000 
00000 
00000 
r0000 

00000 
00000 
.0000 
00000 
rOOOO 
00000 
.0000 

C ~ o  cn 

-.0017 
00043 
-0074 
,0121 
.Ole6 
~0374 

-0139 
.0150 
e0153 

e0132 
e0112 

00000 
m0000 
r0000 
rOOOO 
00000 
e0000 

.0000 

.0000 
00000 
00000 
m0000 
00000 
00000 

-0.212 
-0.114 
-0.016 
0.087 
0.194 
0.418 

0.144 
0.142 
0.140 
0.137 
0.136 
0.140 
0.143 

- 

-04.3 
-02.2 
00.0 
02.2 
04.4 
08.9 

03.3 
03.3 
0303 
03.3 
03.3 
03.3 
03.3 

M 3 0.95 

a0300 
,0195 
~0160 
e0190 
,0293 
,0774 

,0227 
00227 
00227 
e0228 
,0221 
e0219 
,0214 

-00.1 
-00.1 
-00.1 
-00.1 
-00.1 
-00.1 

-04.2 
-02.2 
-00.1 
01.8 
03.8 
05.8 
07.9 

cl 

0.000 

0.000 
-0.001 
0.000 

-0.001 

0.024 
-0.001 

e0146-0.026 
-0.052 
-0.082 

,0093-0.112 

-.0002 
-.0001 
00000 
a0001 
.0001 
,0003 

0.054-a0093 
-.0042 
.0000 
a0041 
00091 
,0151 
.0210 

C%q 

-0023 
e0068 
a0082 
.0115 
e0167 
e0337 

e0120 
.a136 
,0139 
.0135 

-0090 

0.001-r0002 
0.001-.0003 
0.001-e0002 

e0000 
*0001 
.0003 

-0404 
-02.2 
00.0 
02.2 
04.4 
09.0 

-.0002 
OrOOO-.0001 

.0000 
rOOOl 
00001 
~0003 

0.051-,0086 
-.0039 
.0000 
40038 
,0085 
e0138 
,0193 

00001 
00001 
e0002 
00002 
e0003 
e0002 

a0000 
00000 
-0003 
e0007 
00009 
00010 
00014 

0.000 
0.000 
0.000 

-0.001 
0.000 
0.000 

0.026 
-0.001 
-0.026 

-0115-0.055 
-0.087 

-0065-0.118 

e0020 
-0036 
-0037 
moo40 
e0060 
-0133 

M = 1.00 

0.000 
0.000 
0.000 

00003 
00000 
.0001 
00002 
00003 
.0001 

-00.1 
-00.1 
-00.1 
-00.1 
-00.1 
-00.1 

-04.4 
-02.1 
00.0 
02.2 
04.5 
09.0 

03.3 
03.3 
0303 
03.3 
03.3 
03.3 
03.3 

00001 
.0000 
e0002 
.0002 
e0003 
00000 

,0004 
*0002 
-0003 
00005 
e0005 
00004 
00005 

-0019 
.0020 
00019 
00019 
e0020 
,0024 

a0024 
.0023 
e0022 
e0022 
00023 
-0026 
.0024 

e0020 
a0020 
e0022 
e0022 
a0022 
,0023 

-0029 
,0026 
e0022 
~0023 
e0024 
.0026 
,0026 

00000 
oOOOO 
00000 
e0000 
a0000 
00000 

00600 
00000 
00000 
.0000 
e0000 
.0000 
+0000 

e0011 
.0011 
-0011 
.0010 
.0013 
,0019 

-0.220 
-0.110 
-0.010 
0.100 
0.221 
0.475 

-00.1 
-00.1 
-00.1 
-00.1 
-00.1 
-00.1 

-04.2 
-02.1 
-00.1 
01.8 
03.8 
05.9 
07.9 

e0337 
,0231 
e0193 
60226 
a0338 
,0901 

00000 
00000 
e0000 
00000 
.0000 
00000 

-0.245 
-0.131 
-0.024 
0.091 
00220 
0.499 

0.155 
0.156 
0.155 
0.151 
0.151 
0.148 
0.145 

e0000 
00000 
00000 
.0000 
.0000 
.0000 

,0430 
,0311 
-0264 
-0294 
.0402 
01008 

00327 
.0341 
,0333 
.0330 
e0334 
-0320 
,0308 

e0246 
-0197 
m0149 
e0116 
a0049 

-.0149 

e0082 
-0084 
e0088 
,0086 

-0063 

0.001 
0.001 
0.001 
0.000 
0.000 
-0.001 

0.028 
-0.001 
-0.029 

e0075-0.059 
e0067-0.092 

-0.124 

-a0003 
-.0002 
-00002 
e0000 
.0001 
e0002 

0.058-a0114 
-.0053 
-.0001 
.0049 
,0112 
e0179 
r0246 

00001 
.0000 
00001 
e0002 
e0002 
-0002 

00004 
.0002 
a0003 
00004 
e0003 
00002 
00003 

oOOOO 
.0000 
00000 
.0000 
00000 
00000 

*0000 
oOOOO 
00000 
.0000 
00000 
.0000 
00000 

e0054 
r0048 
e0055 
-0050 
,0054 
.0060 

e0056 
e0050 
e0049 
.0051 
e0053 
.0057 
-0059 

e0000 
oOOOO 
00000 
.0000 
00000 
.0000 

-0000 
00000 
r0000 
.0000 
.0000 
e0000 
00000 



( a )  l*lass-flow configuration NIA; 
mI/nL, = 1.0, rno/nb = 1.0 - Continued 

Art 



TABLF V1.- AEFODYXAI4IC CHARACTERISTICS OF MODEL 4 ( F ~ ~ I ~ c ~ v ~ w ~ )  - Continued 
I 

( a )  1-lass-flow c o n f i g w a t i o n  NIA; 
mI/m, = 1.0, mI/m, = 1.0 - Concluded 

n t t  



~ L E  VI.- A R R O D ~ C  CHARACTH(ISTICS OF MODEL 4 ( F ~ w ~ c ~ V ~ N ~ )  - continued 
I 

(b)  ass-flow configuration NIC; 

mI/% = 0, m0/% = 1.0 A f t .  



TABLE: V1.- AERODYMM~IIC CHARACTERISTICS OF I.lODEL 4 ( F ~ w ~ c ~ v ~ N ~ )  - Colltinued 

(b )  Mass-flow configuration NIC; 

mI/m, = 0, mo/m, = 1.0  - Concluded 

0.052 -.0099 -.0001 -0076 ,0008 *0000 
0.027 -.0052 -a0013 ,0075 r0008 .0000 I I I I I I  0.002 -.0013 -roo19 ,0074 r0008 .0000 

-0.023 .0026 -.0022 .0073 ,0009 *OOOO 
-0.050 .0074 -a0028 ,0074 e0009 .OOOO 
-0.078 ,0125 -40034 -0075 *0010 .OOOO I I I I I I  



TABLF: V I  . - AERODYNMA~IIC CHARACTERISTICS O F  I,lODEL 4 ( F ~ P ~ ~ C ~ V ~ N ~ )  - Continued 



TABLE V1.- AWODmAMIC CHARACTERISTICS OF MODEL 4 ( F ~ w ~ c ~ v ~ N ~ )  - Concluded 
1 

( c) Mass-flow configuration Nu; 
mI/- = 1.0, m0/& = 0 - Concluded 

A f t  



TABLE V I 1 . -  AERODYNAMIC CHARACTI33ISTICS O F  MODEL 5 ( F ~ I , ~ ~ C ~ V ~ N ~ )  

( a )  M a s s - f l o w  c o n f i g u r a t i o n  NIAj 

rnI/m, = 1.0, rno/m, = 1.0 
A f t  



















ffi f f i  " 
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P ,  aeg 

(b) Outboard nacelle and both nacel les .  

Figure 4. - Concluded. 



(a) Inboard nacel le .  

Calculated 

(b )  Outboard nacelle and both nacel les .  

Figure 5.-  Incremental yawing moment resu l t ing  from off-design inlet 
mass flow of model 1; a z j 0 ,  P = 0'. 



(a) Inboard nacelle and both nacelles. 

Figure 6. - ETf ects of off -design inlet mass flow on lateral 
characteristics sf model 1; a 3'. 



P ,  6% 

(b) Outboard nacelle. 

Figure 6. - Concluded. 



(a) Inboard nacelle and both nacelles. 

M 

(b ) Outboard nacelle. 

Figure 7.- Incremental rolling moment resulting from off-design inlet 
mass flow of model lj u z 30, (3 = oO. 



Figure 8 . -  Effects  of angle of a t t a c k  on incremental r o l l i n g  moment of 
model 1; P = OO. 



Figure 9.- Effects of off-design inlet mass flow on pitching-moment characteristics of model 1; 
p = 00. 
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(a) Inboard nacelle. 

M=O .65 M = ~ . O O  M=2.50 M=3.00 





( a )  Inboard nacelle and both nacelles. 

M 

(b)  Outboard nacelle. 

Figure 10.- Incremental pitching moment a t  zero l i f t  of model 1 a s  a result 
of reduced i n l e t  mass flow; @ = 0°, 



(a) Inboard nacelle and both nacelles. 

Figure 11.- Effects of off-design inlet mass flow on longitudinal static 
margin of model 1; P = 00. 



(a) Inboard nacelle.  

(b)  Outboard nacelle and both nacel les .  

Figure l2,- Incremental drag at  zero l i f t  of model 1 as a r e s u l t  o f  
reduced i n l e t  mass flow; P = 0'. 



(a) Model 2, inboard nacelle. 

(b) Model 3, inboard nacelle. 

Figure 13.- Incremental yawing moments resul t ing from reduced i n l e t  mass 
flow of models 2 and 33 a E 3 O ,  P = OO. 



(a) Model 2, inboard nacelle. 

(b) Model 3, inboard nacelle. 

Figure 14.- Incremental rol l ing moments produced by off-design i n l e t  mass 
flow of models 2 and 3; a z 30, I3 = oO. 



( a )  Model 2, inboard nace l l e ,  

M 

(b)  Model 3, inboard nacel le .  

Figure 13,- Incremental p i tching moment at  zero l i f t  produced by reduced 
i n l e t  mass flow of models 2 and 3; P 2 0°, 



( a )  Model 2, inboard nacelle. 

(b )  Model 3, inboard nacelle. 

Figure 16,  , -  Effects of reduced i n l e t  mass flow on longitudinal s t a t i c  
margin of models 2 and 3; /3 = 0'. 



(a) Model 2, inboard nacelle. 

(b) Model 3, inboard nacelle. 

Figure 17.- Incremental drag a t  zero lift of models 2 and 3 a s  a r e su l t  
of reduced i n l e t  mass flow; P = 0'. 



Figure 18.- Effects of off-design idlet mass flow on directional 
characteristics of model 4; u c 3'. 



Figure 19.- Effects of off-design inlet mass flow on lateral 
characteristics of model 4; a Z 30. 



(a) Incremental yawing moments. 

M 

(b) Incremental rolling moments. 

Figure 20.- Summary of effects of off-design inlet m s s  flow on 
directional characteristics of model 4; a z 300, j3 = OO. 



Figure 21.- Effects of off-design inlet mass flow on pitching-moment characteristics of mdel 4; 
p = oO. 



ra v 
6- r 

E l !  

(a) Incremental pitching moment at zero lift. 

(b) Longitudinal static margin variation. 

M 

(c) Incremental drag at zero lift. 

Figure 22.- Summary of effects of off-design inlet mass flow on longitudinal 
chazacteristics of model k3 j3 = 00. 






